The pre-mutagenic oxidative DNA base damage of 8-hydroxy-guanine is present in DNA isolated from cells and the amount present increases with exposure of cells to oxidative stress. The oxidative DNA base damage may be present before isolation of DNA or it may be produced during isolation and processing of DNA. We have found that the amount of oxidative base damage measured in DNA can be reduced to a stable lower level by adding increasing concentrations of the antioxidants desferrioxamine, histidine and reduced glutathione immediately before cell lysis. Inclusion of these antioxidants after cell lysis did not affect the level of DNA damage. Oxidative DNA base damage produced by ultraviolet A irradiation of human cells was also reduced by adding antioxidants after irradiation and before cell lysis. Thus, unidentified oxidants induced by ultraviolet A irradiation may damage DNA significantly during extractions of DNA from cells subsequent to ultraviolet A irradiation.
Introduction
All organisms dependent on oxygen are inevitably exposed to reactive oxygen species. Mitochondria and leukocytes or macrophages undergoing a respiratory burst are significant endogeneous sources of oxidative stress (1, 2) . Additional oxidative stress is produced by exposure of cells and organisms to various chemicals or radiation including ultraviolet radiation (3) .
Reactive oxygen species, including the DNA-damaging singlet oxygen and hydroxyl radicals, can induce a spectrum of oxidative DNA damage products (4) . The guanine base product 8-hydroxy-guanine has been the most frequently studied type of DNA base damage after development of a sensitive method for detecting its nucleoside derivative by Floyd et al. (5) . The lesion is pre-mutagenic both in bacteria and in mammalian cells (6, 7) .
The oxidative DNA base damage, 8-hydroxy-guanine, or rather its nucleoside derivative, 8-hydroxy-2Ј-deoxyguanosine (8-OHdG*) (7,8-dihydro-8-oxo-2,2Ј-deoxyguanosine), has been measured in DNA extracted from bacteria and many types of cells or tissues. However, it is clear that some of the base damage detected has been produced by the method of extracting or processing DNA for analysis. Thus, different laboratories have found a large variation in the content of 8-hydroxy-guanine in DNA from human leukocytes (see references in 8). Furthermore, there has been a significant *Abbreviations: UVA, near ultraviolet (320-380 nm); 8-OHdG, 8-hydroxydeoxyguanosine or 7,8-dihydro-8-oxo-2Ј-deoxyguanosine; dG, 2Ј-deoxyguanosine. discrepancy in the 8-hydroxy-guanine content between two independent DNA extractions from one sample of leukocytes (8) .
Various methods for extracting DNA from cells have been used to minimize oxidation of DNA during extraction. Potentially oxidizing phenol has been omitted from extraction procedures, antioxidants have been applied and molecular oxygen has been removed during the extraction (8) (9) (10) . However, these measures seem not to have fully solved the problem of oxidation of DNA during extraction.
We have applied a mixture of different antioxidants during the cell lysis and extraction of DNA from human primary skin fibroblasts. The antioxidants used significantly reduced the amount of oxidative DNA base damge in DNA extracted from untreated cells as well as the amount of damage induced by treatment of cells with one form of oxidative stress, ultraviolet A irradiation.
Materials and methods
The human primary skin fibroblasts (FEK4) used for the experiments were cultivated as previously described (11) . Cells (5ϫ10 6 ) attached to Petri-dishes were irradiated with a broad-spectrum UVASUN 3000 lamp (Mutzhas, Munich, Germany) (350-450 nm). Cells were irradiated in PBS supplemented with 0.01% Ca ϩ2 and Mg 2ϩ at~1°C by placing the Petri-dishes in an ice-water bath. Before DNA extraction, the PBS was replaced with ice-cold PBS containing the antioxidants desferrioxamine, histidine and reduced glutathione. Cells were detached from the plates by scraping with an ice-cold rubber policeman. However, for experiments without irradiation, cells were trypsinized, washed with ice-cold PBS and resuspended in PBS containing the antioxidants. DNA was isolated from cells using the procedures and columns provided by Qiagen (Blood and Cell Culture DNA Kit, Basel, Switzerland). Nuclei were first isolated by adding (1 vol. of) ice-cold hypotonic buffer (final concentrations 64 mM saccharose, 1 mM MgCl 2 , 2 mM Tris, 0.2% Triton X-100, pH 7.2) and subsequently (3 vol. of) water to (1 vol., 0.5 ml, of) the cell suspension containing the antioxidants. After isolating nuclei, nuclei were treated with DNA isolation buffer (800 mM guanidine HCl, 30 mM EDTA, 30 mM Tris, 5% Tween-20, 0.5% Triton X-100, pH 8.0) at 50°C for 1 h. In one experiment, cells were lysed by adding 1 vol. of 0.1 N NaOH to the cell suspension. After neutralization with HCl, DNA was precipitated with 70% ethanol before adding the DNA isolation buffer. The DNA was extracted by binding DNA selectively to positively charged resins. We found that the column containing the resins could be reused (without significant contamination of previously extracted DNA) if the columns were not allowed to dry out. However, some batches of columns induce significant oxidation of DNA during isolation.
The isolated DNA was vacuum dried and dissolved in 10 mM Tris (pH 7.5) and enzymatically digested to nucleosides by using Nuclease P1 and bacterial alkaline phosphatase as previously described (12) . High performance liquid chromatography (HPLC) was performed as previously described (12) except that the isocratic HPLC condition of 50 mM potassium phosphate buffer (pH 5.4) and 9% methanol was used. Nucleosides were detected by optical density at 254 nm and 8-OHdG was measured by electrochemical detection (ESA, Model 5200 Coulochem II detector equipped with a 5011 analytical cell, Stagroma, Zurich, Switzerland). The yield of nucleosides was 70-90% of total recovery from diploid cells and the yield did not depend on UVA or addition of antioxidants.
Results and discussion
Isolation of DNA from cells or tissue is a necessary step in the precise quantification of specific types of oxidative DNA base damage by electrochemical detection. The method for isolation of DNA should ideally not allow DNA damage to be induced either by oxidants present in cells or by those produced by cell lysis. The oxidizing species that can damage DNA during isolation from cells are not known. However, antioxidants applied during isolation of DNA should either prevent formation of a wide spectrum of oxidizing species or scavenge such species. To prevent formation of DNA-damaging hydroxyl radicals or lipid products, produced by the propagation of lipid peroxidation, we selected the iron chelator desferrioxamine. To scavenge oxidants, histidine and reduced glutathione were tested. Figure 1 shows the level of 8-OHdG in DNA extracted from cells by a method including hypotonic lysis of cells, removal of cytoplasm, digestion of proteins and extraction of DNA with positively charged beads. The level of 8-OHdG in primary skin fibroblasts without the use of antioxidants was 220 per 10 6 dG (Figure 1, bar no. 1 ). This level was only slightly reduced using alkaline instead of hypotonic lysis of cells (Figure 1, bar no. 2) . Figure 1 (bars no. 3 and 4) shows that the antioxidants desferrioxamine or glutathione alone did not change the amount of 8-OHdG in the extracted DNA. However, histidine or the combination of desferrioxamine and glutathione significantly reduced the level of 8-OHdG (Figure 1 , bars no. 5 and 6). However, none of the antioxidants alone reduced the amount of DNA damage as much as the combination of desferrioxamine, histidine and glutathione. Figure 1 (bar no. 7) also shows that 1 mM desferrioxamine, 4 mM histidine and 3 mM glutathione offered maximum protection of DNA. Hence, increasing the concentration of one of these antioxidants (Figure 1 , bars no. 8-10) did not decrease the amount of 8-OHdG below 22 per 10 6 dG. The time between addition of antioxidants and cell lysis was varied from 10 min to 60 min to increase uptake of antioxidants in cells. However, this did not change the level of 8-OHdG (data not shown). We also found that adding antioxidants at various steps of the DNA extractions following cell lysis did not change the level of 8-OHdG measured (data not shown). Thus, oxidation of DNA apparently took place immediately after cell lysis. However, it is also conceivable that added antioxidants may have quenched some oxidants present in cells prior to cell lysis.
The level of 8-OHdG measured in our skin fibroblasts (22 per 10 6 dG) as well as in other cells in culture used in our laboratory was significantly higher than the levels of 8-OHdG recently reported for some peripheral human leukocytes or rat livers (down to 2 per 10 6 dG) (8, 13) . Thus, it appears that cells in culture may have higher rates of oxidation of DNA or lower rates of repair of oxidative DNA base damage than cells in vivo. Alternatively, cells in culture may contain a higher fraction of dead or dying cells with degraded DNA.
Do antioxidants used during cell lysis change the yield of oxidative DNA base damage induced by oxidative stress? Human primary skin fibroblasts were exposed to oxidative stress in the form of ultraviolet A (UVA) irradiation and DNA was extracted immediately after irradiation. Figure 2 shows that with no added antioxidants during cell lysis, 250 8-OHdG per 10 6 dG were induced by 1000 kJ/m 2 UVA. However, with the antioxidants chosen (Figure 1 ), only 32 8-OHdG per 10 6 dG were induced by the same dose of UVA. The reduction in induced damage with antioxidants was significantly larger than the reduction in the damage in untreated cells. The concentrations of antioxidants used were sufficient to give maximum protection of DNA since up to a 4-fold higher concentration of antioxidants gave unchanged levels of damage both for irradiated and non-irradiated cells (Figure 2) .
What are the possible DNA damaging oxidants that are induced by UVA irradiation and that are present before or possibly generated during cell lysis? Neither singlet oxygen nor hydroxyl radicals induced by UVA are likely to be present in cells several minutes after irradiation because their lifetimes are of the order of microseconds and nanoseconds, respectively. However, lipid peroxides or other unidentified long-lived oxidants may be able to damage DNA during cell lysis. Alternatively, iron, which can be involved in the generation of reactive oxygen species, might be mobilized before or during cell lysis.
In conclusion, DNA in human cells is exposed to unknown oxidants when cells are lysed for DNA isolation. If oxidation of DNA during cell lysis is not prevented, the level of 8-OHdG will be significantly over-estimated. Thus, more studies on how to prevent oxidation of DNA during extraction from different types of cells and tissues are necessary.
